Trying to obtain information relevant to the genetic improvement of rice, the aim of research was to estimate genetic parameters and identify agronomic characters directly and indirectly correlated with the grain yield of ten cultivars of upland rice. The experiment was conducted in the municipality of Aquidauna-MS, region of transition among the Savanna and Pantanal biomes. The experimental design was a randomized block with three replications. Treatments consisted of ten genotypes (BRS Aimoré, BRS Coringa, BRS Pepita, BRS Bonança, BRS Talento, BRS Maravilha, BRS Primavera, BRS Caiapó, BRS Monarca and BRS Aroma). The following variables were measured: days to flowering and maturity, plant height, number of stems and panicles, thousand grains mass and grain yield. It was determined the following genetic parameters: environmental, phenotypic and genotypic variances; coefficients of experimental and genotypic variation; heritability; b quotient; environmental, phenotypic and genetic correlations. Phenotypic correlations among traits and grain yield (principal dependent variable) were unfolded in direct and indirect effects. The population under study proved to be promising for improvement based on the traits plant height, days to flowering, thousand grains mass and grain yield. Plant height, number of panicles and thousand grains mass directly influence the yield, being recommended for direct selection of superior genotypes.
INTRODUCTION
Rice (Oryza sativa L.) is one of the most cultivated cereal in the world, with production of 720 million tons and mean yield of 4,410 kg ha -1 in the 2011/2012 harvest (FAO, 2012) , having great social and economic importance for the Brazilian population (ALVAREZ et al., 2012; NASCENTE et al. 2011 ). In Brazil, data from Conab (2014 show that the cultivated area in 2013/2014 was 2.40 million hectares, with mean national yield of 5.096 kg ha -1 . Study on genetic control of agronomic traits and heritage through genetic parameter estimates of a population allows inferring about its genetic variability and which can be expected of gain with the selection (FURTADO et al., 2002; CRUZ; CARNEIRO, 2003) . The obtained estimates are used by the breeder for setting appropriate strategies in order to achieve superior genotypes, based on the most important traits (CRUZ et al., 2004; TEODORO et al., 2014) .
In genetic breeding programs, it is essential the knowledge of correlations among grain yield components, since when selection is based on a trait, changes may occur in other traits of agronomic importance VENCOVSKI, 1986) . This occurs because these correlations do not determine the relative importance of direct and indirect effects of the traits that make up grain yield (FURTADO et al., 2002; LYNCH; WALSH, 1998) .
Path analysis proposed by Wright (1921) allows better understanding of the different trait association, through the unfolding of the correlation coefficients in direct and indirect effects on the main trait (CRUZ; CARNEIRO, 2003; CRUZ et al., 2004; HAIR et al., 2005; CORRAR et al., 2007) . Estimates of these effects are obtained by regression equations, in which the variables are previously standardized. This analysis was initially used in plants by Dewey and Lu (1959) . This approach has been used as an indirect criterion in the selection of several genotypes of maize (TEODORO et al., 2014) , soybean , castor and cowpea for Cerrado/Pantanal ecotone region. However, for rice, researches on the traits which are directly or indirectly related to the grain yield are limited.
Thus, in order to obtain relevant information to rice crop genetic breeding, this study aimed to estimate genetic parameters and to identify agronomic traits directly and indirectly correlated with the grain yield of ten upland rice cultivars.
MATERIAL AND METHODS
The experiment was carried out in the municipality of Aquidauana, a region situated in the Savanna-Pantanal ecotone (20º27'S and 55º40'W), with average altitude of 170 m. The soil of the area is classified as Ultisol Dystrophic of sandy texture, according to the criteria established by Embrapa (2013) Soil preparation consisted of a grader harrowing and two leveling harrowing. Subsequently, it was carried out mechanical opening of the grooves to a depth of 5-10 cm. Sowing was manually carried out in November 2013, with 70 seeds per meter. In order to control weeds in postemergence, it was carried out hand weeding, from emergence until the closing of crop between lines. In the topdressing, it was applied 100 kg N ha -1 , whose ammonium sulphate source was applied in a continuous bead next to the lines at floral differentiation stage.
The following variables were measured: days to flowering and maturity, (DF and DM, respectively), plant height (PH), number of stems and panicles m -2 (NS and NP, respectively), thousand grains mass (TGM), and grain yield (YIE). For determining DF and DM in the useful area of each plot, it was considered the period (days) between emergency and 50% flowering, and 90% of mature panicles, respectively. PH was measured in 15 plants per plot with the aid of a graduated scale, from the plant base on the soil surface to the extremity of the largest panicle. NS and NP were determined by counting the number of stems and panicles in 1.0 m², within each plot. TGM was determined by manual counting, and was weighed and corrected to 13% moisture. Grain yield (YIE) was estimated in the useful area with correction to 13% wet basis, and values were extrapolated to 1 ha.
Initially, in order to verify the existence of variability among genotypes, it was carried out analyses of variance and F-test in each trait. The following genetic parameters were estimated: environmental, phenotypic and genotypic variances; coefficients of experimental and genotypic variation; coefficient of genotypic determination; heritability; b quotient; environmental, phenotypic and genotypic correlations, respectively (JOHNSON et al., 1955 The matrix degree of multicollinearity X'X was established based on its number of conditions (NC), which is the ratio between the largest and the smallest eigenvalue of the matrix (Montgomery; Peck, 1981) . If NC<100, multicollinearity is weak and is not considered a problem for analysis; if 100≤NC≤1,000, multicollinearity is considered moderate to strong; and if NC>1,000, the degree of multicollinearity is considered severe. All statistical analyses were carried out with the GENES software (CRUZ, 2013), according to the procedures recommended by Cruz et al. (2004) .
RESULTS AND DISCUSSION
There were significant differences (p <0.05) among the genotypes for the traits PH, DF, TGM and YIE (Table 1) . Considering the existence of genetic variability in a population as a decisive factor in any breeding program (Cruz et al., 2004; Lynch and Walsh, 1998; Falconer and MacKay, 1996; Falconer et al., 1987; Falconer and MacKay et al., 1996) , the studied population proved to be promising for selection and crossing works which aim at improving these traits. Similar results were obtained in other studies with rice crop (CARGNELUTTI FILHO et al., 2012; NASCENTE et al., 2011; REIS et al., 2007) . In general, the estimated values of the coefficients of experimental variation denote moderate to high experimental precision (CARGNELUTTI FILHO et al., 2012) , except for NP and NS, which obtained values above 20%. Coefficients estimates of genotypic variation ranged from 0.98 (DM) and 133.63% (YIE), indicating that among traits, YIE is that which shows greater variability, being highly promising for selection. This occurs due to its complex genetic inheritance resulting from the involvement of several small effect genes on the phenotype (CRUZ; CARNEIRO, 2003; FALCONER; MACKAY, 1996) .
The estimate of b quotient was higher than 1.0 for PH, DF, TGM and YIE, indicating situations which enable selection for these traits according to the interpretation recommended by Vencovsky (1978) . Following this trend, these traits showed heritability ( ² ĥ ) higher than 80%, reinforcing the possibility of genetic gain with selection of these traits. It was noted that for all traits, the estimated values for variance ( Estimates of negative and significant (p <0.05) genotypic correlations ( G r ) were identified among PH x NS and DF x NP (Table 2) . r G showed equal sign, and in most cases, similar magnitude to its phenotypic correlations ( F r ), which indicates that the phenotypic expression is decreased before environmental influences (Cruz et al. 2004; Lynch and Walsh, 1998; Falconer and MacKay, 1996) . Absence of significant r F indicates that the selection of a trait will not result in an unwanted selection of other trait (Goldenberg, 1968; Johnson et al., 1955) . Environmental correlations ( E r ) among traits with differences in magnitude and sign, regarding the respective r G correlations, revealed that the environment favored one trait over the other (FALCONER et al., 1987; FALCONER; MACKAY et al., 1996) . According to the criterion established by Montgomery and Peck (1982) , the estimates matrix of G r showed weak multicollinearity, since the number of condition was equal to 24. In the presence of multicollinearity, the use of all variables in the path analysis is not an appropriate procedure, since multicollinear traits are implicitly weighted with greater weight (CRUZ; CARNEIRO, 2003; CRUZ et al., 2004; HAIR et al., 2005; CORRAR et al., 2007) . Thus, since multicollinearity was not detected, the seven traits evaluated in the path analysis were used (Table 3) . Table 3 . Estimates of the direct and indirect effects of plant height (PH), number of stems and panicles per m² (NS and NP, respectively), days to flowering and maturity (DF and DM, respectively), thousand grains mass (TGM) on grain yield (YIE) of 10 rice genotypes in Savanna-Pantanal ecotone.
It is verified that selection of genotypes with higher PH, NP and TGM employ a direct effect in the increase of YIE. This fact may result in greater ease in the selection of rice genotypes, since these traits help identify the traits of interest. TGM is a highly stable trait, since the grain size is physically limited by the lemma and palea (MARCHEZAN, 1994) , contributing to the obtained results. AP, in turn, directly affects grain yield, due to better utilization of light and nutrients. Similar results were obtained by Marchezan et al. (2005) and Zaffaroni et al. (1998) , which observed that these are the traits that most influenced rice yield.
Coefficient of determination was 58.44%, showing similar magnitude to those obtained by Marchezan et al. (2005) . Although there is no preestablished classification for these values, it is considered as intermediaries. Thus, we recommend for future trials the assessment of a larger number of traits.
CONCLUSIONS
The population under study proved to be promising for improvement based on the traits plant height, days to flowering, thousand grains mass and grain yield. Plant height, number of panicles and thousand grains mass directly influence the yield, being recommended for the direct selection of superior genotypes. 
